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Background: Hospital quality in vascular surgery is often measured using mortality. We sought to determine whether
adjusting mortality for statistical reliability changes hospital quality rankings for vascular surgery.
Methods: Patients undergoing five common vascular surgery procedures (open and endovascular abdominal aortic
aneurysm repair, carotid endarterectomy, lower extremity bypass, and aorto-femoral bypass) in the National Surgical
Quality Improvement Project (NSQIP) in 2007 were identified (n 14,559). For each hospital, we first calculated a ratio
of observed to expected mortality (O-E ratio) using standard NSQIP techniques. We then adjusted these estimates for
statistical noise using empirical Bayes methods, a technique known as reliability adjustment. We then compared rankings
based on the standard O-E ratio to the rankings after reliability adjustment.
Results: A total of 172 hospitals reported an average adjusted mortality rate of 2.4% for the five procedures, varying from
0% to 17%. After adjusting for statistical noise using reliability adjustment, hospital mortality was greatly diminished,
varying only from 1.7% to 4.1%. This adjustment for reliability had a dramatic effect on hospital rankings. Overall, 43%
of hospitals were reclassified into either a higher or lower quartile of performance using traditional methods of
risk-adjustment. Fifty-one percent all hospitals in the “best” quartile of performance according to traditional O-E ratios
are not classified in the “best” quartile after adjusting for statistical noise. Twenty-six percent of hospitals in the “worst”
quartile were no longer classified as such after adjusting for noise.
Conclusions: Adjusting mortality for reliability reduces statistical noise and provides more stable estimates of hospital
quality. Reliability adjustment should be standard for comparing hospital quality. ( J Vasc Surg 2011;53:1-5.)With growing recognition of wide variation in hospital
performance, payers, policy makers, and professional orga-
nizations are redoubling efforts to profile hospitals on
surgical quality. Hospital quality is commonly measured
using risk-adjusted outcomes. For example, both the
American College of Surgeons National Surgical Quality
Improvement Program (ACS-NSQIP) and the Vascular
Study Group of New England (VSGNE), use risk-adjusted
mortality as a quality indicator for hospitals.
However, mortality rates may not reliably reflect hos-
pital performance. Surgical procedures are often performed
in small numbers at any individual hospital. As a result,
hospital quality can be misjudged due to statistical noise.1,2
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ment experts both inside and outside surgery.3,4 To address
this limitation, outcomes measures are being adjusted for
reliability using hierarchical modeling. For example, the
Centers for Medicare and Medicaid Services Hospital
Compare database reports reliability adjusted mortality
rates for hospital admissions.5
We sought to determine the impact of adjusting for the
reliability of vascular surgery mortality rates in the ACS-
NSQIP. We first estimated the extent to which hospital
variations in mortality can be attributed to statistical noise,
patient factors, and true differences in quality. We then
adjusted for reliability to determine how much traditional
techniques result in misclassification of hospitals.
METHODS
Data source and study population. The ACS-
NSQIP is a nationwide registry collecting 30-day mortality
and morbidity following general and vascular surgery. This
database collects robust, well-defined patient data, includ-
ing 63 preoperative variables, 19 intra-operative variables,
20 postoperative complications, and 30-day mortality.
Data collection relies upon a sampling strategy of the first
40 general and vascular surgery cases in an 8-day cycle
throughout the year, collecting a diverse set of general and
vascular procedures. This sampling strategy may collect
1
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some small and moderate sized hospitals, but does repre-
sent a sample of procedures for larger hospitals. Dedicated
surgical clinical nurse reviewers record the data using stan-
dardized definitions. The NSQIP has been rigorously vali-
dated to ensure the accurate coding of patient data.6-10
Using the ACS-NSQIP 2007 data file, we identified all
patients undergoingmajor vascular surgery, a priori defined
as one of five common vascular procedures, open or endo-
vascular abdominal aortic aneurysm repair, carotid endar-
terectomy, aorto-femoral bypass, and lower-extremity by-
pass, using the Common Procedural Terminology (CPT)
Codes (n  14,559). These procedures were chosen be-
cause they represent a large proportion of major vascular
procedures in the NSQIP. A total of 172 hospitals perform-
ing major vascular surgery were identified within the ACS-
NSQIP database.
Hospital mortality. Using standard logistic regres-
sion techniques used by the ACS-NSQIP, we generated
expected mortality rates. Specifically, stepwise logistic re-
gression was used to determine all significant preoperative
variables included in the predictive model. A procedure
variable was included to adjust for procedural mix. Patient-
level data were then aggregated to the hospital level, creat-
ing an observed mortality rate and a mean predicted (ex-
pected) mortality rate. Hospital observed-to-expected
ratios (O-E ratio) were generated using the quotient of the
observed mortality rates for each hospital and the expected
mortality rate.
Reliability adjustment. We used the empirical Bayes
approach to adjust our estimates for their reliability. This
statistical technique has previously been used to adjust
outcomes for the amount of statistical noise present in the
observations. Since this method is not frequently used in
the field of vascular surgery, a brief explanation follows.
An observed (measured) outcome can be broken down
into two components, the true outcome and the error
associated with measuring that outcome. If it was possible
to measure an outcome precisely, the true outcome would
be equal to the observed outcome. Unfortunately, the
measurement of observations is never perfect. The reliabil-
ity of a measurement can be described as the likelihood that
two measurements will yield identical results. As such, a
reliability of 80% means that 80% of the time two measure-
ments are identical, and that 20% of the time the measure-
ments will be different due to statistical noise.
Statistical methods, such as the empirical Bayes theory,
can be used to estimate the reliability of observed out-
comes. This method will weight the observed mortality to
the degree to which it is reliable, a function of the sample
size of each hospital. In this approach, we adjusted our
risk-adjusted mortality rates, weighting the measured mor-
tality rate based upon its reliability and placing the remain-
ing weight on the overall mean.2 In effect, this will move
the measured mortality rate closer to the overall mean as a
function of the reliability of that measurement. Reliability
adjustment was conducted using hierarchical logistic re-
gression modeling with the dependent variable assigned asdeath, adjusted for each hospital and patient factor (patient
demographics and comorbidities). The amount of variance
that can be attributed to the effect of each hospital (the
random effect) was used to generate a “reliability-adjusted”
mortality rate for each hospital. To further understand the
relative contribution of statistical noise, measured factors,
and unmeasured differences in quality to our estimates of
mortality, we stratified hospitals into quartiles of hospital
volume and calculated the relative proportion of the ob-
served mortality rates that can be attributed to measure-
ment error (noise), patient factors, and unexplained factors
(quality).
Analysis. We then compared the quality ratings of
hospitals using the traditional O-E ratios and reliability
adjusted. Hospitals were directly compared between the
traditional O-E ratios and reliability-adjusted mortality rates
to determine the relative change in hospital quality rankings.
For the ease of presentation, hospitals were ranked into quar-
tiles of quality using the traditional O-E ratios (1  worse
quality, 4  higher quality) and compared with rankings
generated using risk-adjusted mortality rates, adjusted for
reliability. We compared these rankings in hospital quartile
of quality to determine the change in hospital quality
quartiles.
All statistical analyses were performed using STATA 10
(College Station, Tex). Statistical significance was defined
as a P value of .05, and all tests were two-sided. This
protocol was approved by the University of Michigan In-
stitutional Review Board and determined to be exempt.
RESULTS
A total of 14,569 patients undergoing major vascular
surgery were sampled by the ACS-NSQIP in 2007. The
mean age of the patients was 70.4 years (SD, 10.4), and
66% of the patients were male. Demographics of the study
population are shown in Table I. Of note, 18.9% of patients
had an American Society of Anesthesiologists class greater
than 3, denoting a life-threatening condition, and 10% of
patients were either partially or fully dependent.
The estimated reliability of the mortality rates ranged
from 0% for the lowest volume hospitals to 55% for one
hospital that performed more than 350 cases per year (Fig 1).
Estimates of hospital mortality are more reliable at high-
volume hospitals as compared with low-volume hospitals.
Using hierarchical modeling, we estimated the propor-
tion of mortality that could be attributed to statistical noise.
Stratifying hospitals into quartiles of volume, the propor-
tion of the mortality due to noise ranged from 94% in the
lowest volume hospitals to 64% in the highest volume
hospitals (Fig 2). The proportion of the mortality due to
“signal,” which could represent a fraction of mortality that
may be attributable to quality, was estimated to range from
3% in hospitals with the lowest caseload to 18% in hospitals
with the highest caseload.
Among the 172 hospitals participating in the NSQIP in
2007, observed mortality following the five procedures
combined ranged from 0% to 33% (mean, 2.6%; SD, 0.16).
Similarly, hospital caseload ranged from 2 to 353 cases
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techniques to control for patient comorbidities and proce-
dures, the mortality rates varied from 0% to 16.5% (mean,
2.6%; SD, 0.068). Since 36 hospitals had zero deaths in
2007, these hospitals had an O-E ratio of 0. The remaining
136 hospitals had O-E ratios varying from 0.33 to 7.53,
(mean, 1.11; SD, 1.08).
Reliability-adjusted mortality rates varied among the
Table I. Preoperative characteristics of patients
undergoing major vascular surgery in the American
College of Surgeons National Surgical Quality
Improvement Program (ACS-NSQIP) database in 2007
Preoperative characteristics
Type of surgery
Open AAA repair 2744 (16.8%)
Endovascular AAA repair 4154 (11.1%)
Carotid endarterectomy 10,125 (40.9%)
Aorto-femoral bypass 1207 (4.9%)
Lower-extremity bypass 6514 (26.3%)
Total 24,744
Patient characteristics
Age (mean) 70.4
Male 66.0%
Non-white 18.4%
Independent functional status 90.1%
American Society of Anesthesiologists class 3 18.9%
Hypertension 82.5%
Dialysis dependence 2.6%
Chronic obstructive pulmonary disease 13.7%
Diabetes 16.4%
History of myocardial infarction 1.6%
History of congestive heart failure 1.4%
History of peripheral vascular disease 21.0%
Previous cerebrovascular accident with deficits 9.9%
Current smoker 35.2%
AAA, Abdominal aortic aneurysm.
Fig 1. Relationship between reliability and hospital caseload in
American College of Surgeons National Surgical Quality Improve-
ment Program (ACS-NSQIP) hospitals performing major vascular
surgery.172 hospitals significantly less, from 1.7% to 4.1% (mean,2.6%; SD, 0.004). The relative change in the mortality
estimates of hospitals using risk-adjustedmortality with and
without reliability adjustment is shown in Fig 3.
After developing hospital quality rankings using the
traditional logistic regression models and reliability adjust-
ment, we then compared hospital quality rankings with the
traditional approach of O-E ratios (without reliability ad-
justment) to reliability-adjusted rankings. When hospitals
are ranked into quartile of quality using either traditional
risk adjustment or reliability adjustment, 43% of hospitals
are reclassified as low or high quality (Table II). Among
Fig 2. The proportion of mortality that can be attributed to
noise, patient factors, and other signal “quality” in hospitals per-
forming major vascular surgery in the American College of Sur-
geons National Surgical Quality Improvement Program (ACS-
NSQIP).
Fig 3. Risk-adjusted mortality rates, adjusted and not adjusted,
for mortality among 20% of hospitals (sampled randomly) from the
2007 American College of Surgeons National Surgical Quality
Improvement Program (ACS-NSQIP).hospitals that were classified as highest quality, defined as
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were reclassified. Likewise, among hospitals classified as
lowest quality, 26% of hospitals were no longer classified
as lowest quality using reliability-adjusted estimates.
DISCUSSION
Existing methods of measuring hospital quality with
vascular surgery may be misleading. Our analysis dem-
onstrates that a large proportion of hospital variation in
observed mortality is attributable to statistical noise. As a
result, adjusting for reliability has a profound effect on
hospital quality rankings. We found that nearly half of
hospitals possibly were misclassified using traditional
methods.
Although this is the first study in vascular surgery, this
technique has previously been studied in other populations.
The value of these methods for measuring ambulatory care
quality was demonstrated more than a decade ago.11 More
recently, Shahian and colleagues demonstrated that tradi-
tional logistic regression led to inaccurate hospital rankings
when compared with reliability-adjusted rankings in cardiac
surgery.12,13 Based upon this body of work, the state of
Massachusetts uses reliability-adjusted outcomes to rate
hospitals. Because vascular surgical case volumes are lower
than those for cardiac surgery, it is likely that these tech-
niques will be even more valuable in accurately reporting
vascular surgery outcomes.
This study has several important limitations. First, this
analysis relies upon data from the ACS-NSQIP. Although
the ACS-NSQIP represents a large national database with
well-validated data collection, the ACS-NSQIP is limited
by its sampling methodology. Currently, the ACS-NSQIP
collects data on an 8-day cycle each month, creating an
approximately 20% sample of all surgery performed each
month. Since caseloads are significantly lower using this
sampling methodology, outcomes will inherently be less
reliable. This analysis may underestimate the true reliability
of hospital mortality compared with a 100% sample of all
operations at a given hospital. Second, this analysis utilizes
mortality rates as the only measure of hospital quality.
However, this technique is equally valid in adjusting other
measures of quality, including complications, readmission
Table II. Comparison of hospital quartile rankings with
and without reliability adjustment
Quartiles of hospital quality, not
adjusted for reliability
1 2 3 4
Quartiles of hospital quality,
adjusted for reliability
1 49% 51% 0% 0%
2 51% 40% 9% 0%
3 0% 9% 65% 26%
4 0% 0% 26% 74%
Total misclassified 51% 60% 35% 26%rates, and processes of care.This study has important implications for quality mea-
surement in vascular surgery. Existing quality measurement
programs, such as ACS-NSQIP and the Vascular Study
Group of New England, use traditional techniques, which
may make them prone to inaccurate rankings of quality.
Although these quality improvement programs do account
for small sample size problems using confidence intervals
and P-values, these could be misinterpreted or ignored
altogether. Hospitals and surgeons may react to a spuri-
ously high or lowmortality rate irrespective of whether they
are an outlier based upon confidence intervals. Reliability
adjustment offers the advantage of directly adjusting a
hospital’s mortality rate for statistical noise. This technique
could prevent surgeons and hospitals from inappropriately
reacting to erroneous performance reports. Clearly, this
method may not be popular among small hospitals who
report low mortality rates. However, there is no way to
determine statistically whether these hospitals have superior
outcomes or were just lucky. Reliability adjustment offers
the researchers and policy makers an opportunity to make
conservative estimates about hospital quality. Although
reliability adjustment offers an alternative method for deal-
ing with the problem of small sample size and statistical
noise, this method has not been compared prospectively
with traditional methods. As surgeons continue to lead
quality improvement programs, these methods will need to
be evaluated to determine the best method for comparing
hospital and surgeon quality. Future efforts at measuring
hospital quality will need to include multiple dimensions of
quality, not singular outcomes.
CONCLUSIONS
Adjusting mortality for reliability reduces statistical
noise and provides more stable estimates of hospital quality.
This technique is already used widely outside of surgical
quality measurement, including the public reporting of
hospital outcomes for common inpatient medical condi-
tions on the Centers for Medicare and Medicaid Services
Hospital Compare website. Given the advantages of this
technique, reliability adjustment should become standard
for reporting hospital outcomes in vascular surgery.
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